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A new 1 i quici feed direct methanol fuel cel 1 has been developed
based on a proton exchange membrane e] ectrol yte and I?t/Ru and Il.
ci~tal yzed carbon fuel and ai r/C+ e] ect. rc}des respect j.vel y. ‘l’he cel 1
hi~s been shown tc) de] iver sign~. f”j cant power outputs at moderately
1 ow temperatures of 25 to 60 ‘C. At 60 ‘C, output is near 100
mA/ cm? at a potential greater than O. 5 V. A clet-errcnt to
performance appears to be methanol crossover through the membrane
to the oxygen e] ectrc)de. Further improvements j n performance
appear possilble by minimi zing the methanol crossover rate.

3. 1 N1’RODUC’TION

Under a task spc)ns-ored by the Defense Research I’roj ccts Agency
( DAR}’A ) , JPL i s engaged in deve] opment of dj rect methanol fuel
cel IS (DMFC) ,) ‘l:his effort is being carried out. in conjunction with
other OKjZin~lZZiti on of a DARPA ~UC:] ccl 1 ‘Tcan\ that. jncluc]cs
univcrsitjes as well as government 1 abs and industrial
organi zati ons. A near term JP1, objective i s to dcvel op and
demonstrate a 1 aboratory type I)MFC empl eying advancccl materi al s
(cata] ysts a:nd electrolytes) being developed by the university es
and other organi z,at, i ons.

TWO types of IJMFC’s have been examj ned i n the past. One empl oys a
1 <Lquid acid electrolyte, introduces the methanol as a liquid, and
typj call y operates near 60 ‘C. The other employs a sol id polymeric
type e] cctrol yte, i ntrc>duccs the methanol as a gas or vapor, and
typical 1 y operates near 90 ‘C. Problem areas with the 1 iqujd
c?lectro] yt. o type arc as fol lows: a) requi r-es expensjve mater-j al s of
construction to withstand cc)rrosion problems assocj ated with the
use of acids, b) safety j ssues associated with the use of these
acids, and c) parasitic shunt currents with multj --eel 1 stacks of
these . Problems associated with the sol id electrolyte gas feed
type are as fol.1 ows: a) requires good humidity control to maintain
functionality of the solid electrolyte and b) requires a great deal
of accessory equipment to maintain the humidity as we] 1 as to feed
and vapori ze the McOII into the cel 1 . ‘l’he C02 cnd product f“rom the
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reacti on js readjl y separabl e from the 1 jquid Mc!CJII discharge end
products i n the case of the 1 i quid cl cct. rol yt-e cel 1 , but not f“rom
the McOII vapor end produc:ts j n the case of the sol id electrolyte
cc?]] . ‘l’he ease? of separati on is an advantage for the ) iqujd
e] cctrol ytc ccl 1 i n that. it enabl es easy  recovery  of pure McOII i n
the ef f] uent for rccycl j ng back to the ccl 1 inlet (an important
consj dcrati on from a systems poj nt of vi CW) .

l[njtja) 1 y JPL began development of both types of ccl 1s for the
p] anneal e] ectrol.yte  and catalyst stuclj es. The 1 iquid electrolyte
cc] 1 was found to be. functicmal but to del iver onl y about 30 to so
mA/ cm? at potentials of 0.3 to 0.4V, as described in the
1. iterature. Some di ff icul ty was encountered at the start i n
maintaining a proper water balance in the case of the gas feed
E;O] jd elect lro]yt.e type Of ccl 1 . Wl]en bal ante was obtai nad, for
short peri. ocis of time, the output was, however, found to be
I.OW and comparable to the above.

Subsequent efforts yielded very discouraging results with the gas
feed cell but encouraging results with the liquicl. feed cell. 1 n
the case of the gas feed CQI 1 the prob] em of moi sturc bal ante
conti nued t-cl be a probl em and impact performance to such a degree,
that after clnl y about c]ne hour c}f operati on, thj s factor domir]at.ed
performance. Numerous attempts were made to control the moi sturc,
but these were al 1. unsuccessful . 1 n contrast to this the moi sture
bal ancc of the 1 iquid feed ccl 1 was cjuitc managcabl e and f inclj ngs
were made o f important new modi f j cati ons that. COUI d marked] y
improve performance of this type of CC1l . These findings involved:
I) use of additives to enable the use of existing gas diffusion
e]ectrodcs in the 1 iquid cell , 2) usc of the polymer e] cctrol yte in
the 1 iquid feed design, and 3) that there is no need for the acid
additi on to the e] ectrol yte. I:csul ts showed that. outputs of 100
mA/cm2 at O. 3 to O. 4 V were readi IY achievable and the 1 iquid feed
ccl 1 can i ndeed de] iver signj fi cant outputs at very
temperatures.

moderate

on t.his basis JP1, focused it’s primary effort on the 1 ic~ui d feed
system and has continued optjmi zation studies to raise output to
even higher 1 eve]s with advanced materials and cel 1 designs,

This paper revi ews highl j ghts of progress tO date On devcl opment of
the 1 j qui d feed MeOH system.

2 , DESCR1 P’1’] ON OF CR1,?,S

:?*3 I,iquicl Feed Cel 1 and Reactions

A schematic diagram of the 1 iquid feed cell along with overal 1 cell
reacti ons is given i n Figure 1. ‘l’he cathode or ai. r/02 e] ectrode
c:onsj st. s of a catalyzed layer of carbon one side of which is
exposed to air or 02 and the other side of which is in contact with

I the cl ect.rol yte 1 ayer. The anode or, fuel /McOH electrode, consi sts
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of another catalyzed layer of c:arbon one side of which is exposed
to McOII solution and the other $;jde of” whj~h js jn contact with ~h~
e] ect.rol yte. l’he electrolyte js a scllid layer of proton exchange
mcrnbranc. Air or 02 is continuously swept thrc)ugh the cathode
compartment and MeOII solution is continuously swept through the
anode compartment as shown in this figure. 112S04 was added to the
MeOIl solution initially but this was subsequently found
unnecessary. Also shown in this figure are the individual
elect-rode reactions as well as the overall cell reaction.

2.2 IIalf Cell For lnitia) MeOII Oxidation Studies

lnitia) methanol oxidation stuclies were carried out with the half
ccl] assembly as shown in Figure 2. The test electrode, typically
a cat.alyzccl carbon coupon, is immersed in the liquid fuel and
driven against a counter e)ectrode which was a platinum sheet.
I’otential of the test electrode was measured against a IIg/IIg#04
rcfcrcncc electrode pc)sitioned adjacent to the test electrode

2.3 Advanced Cell With Membrarle Electrolyte

Figure 3 gives a schematic diagram of the complete laboratory type
liquid feed MeOH systcm employing the membrane electrolyte. EI’he
licJujd feed cell for this system is actually a modified version of
a gas feed ccl] . Major components consist of a membrane-electrode
assembly (MEA) and the cell hardware. l’he MEA co]]sists of a layer
of Nafjon electrolyte, 7 mil t.hi.ck, with fuel and air/Oz electrodes
bonded to either side. Rlect.rc]de dimensions are 2 inch by 2 inch
by approximately 10 mi] thick. l’he MEA is positioned between the
machined portion of two graphi.tc blocks. ~’he machined area on each
on each block is a rectangular pattern with open channels
(designated as flow field) tc) allow flow of liquid or gas across
the electrode surface. ]nlet arid outlet ports communicate with the
flow fields via holes drilled into the carbon blocks and equipped
with threacled fittings at the sides of the blocks. Stainless
steel support plates, with the same overall length and width as
the carbon plates, are located on the back surface of the plates.
The stainless steel plates, as well as the carbon blocks, arc
drilled in their outer perimeter to accommodate bolts that are used
to compress the assembly for sealing and to provide electrical
contact between the electrode and the
field.

l’he MeOH scllution is introduced into
cell via a pump and then returned to
shown in Figure 3. The end product ,

un-recessed area of the flow

the fuel compartment of the
a fuel storage reservoir as
carbon dioxide, is entrapped

in the exit fuel line and released in the storage reservo~r.
pressurized air or 02 is intrc]d.uced to the air compartment of the
cell and vented without. circulation. Heaters arc located on the
outside surface of the cell to control cell temperature. Finally,
the cell is equipped with a small closed end hole to accommodate an
internal thermocouple and an open ended hole to accommodate a
reference electrode. l’he latter reference enabled measurement of



indjvj dual fuel and 02 electrode polarizations.

3. RI? SIJ1,’ll’S  AND DISCLJSSJON

3.3 lnjt. ial Findings: Use of Gas Di f fusj on RI ect.rodes
and Pt/Ru Catalysts

An important j ni ti al finding was that existing gas diffusion
e] ectrodcs, such as employed in 1131’04 Cells, can be made to
function we] 1 in the 1 jquid feed envi ronmcnt, contai nj ng 112S04
c1 ectrol yte, by additic)n c~f a small amount of addi tive to the
e] ectrol yte. Next, i t was found that MeOII is oxidj zed more readily
(1 ess polarization) with a bimctal] i c cata] yst of Pt ancl Ru than
with a Pt catalyst alc)ne.

3.2 MeOIl Oxidati on Studies

Emp] eying these two f j ndings, a series of runs was carried c)ut in
the half cell tc) determine sensitivity of MeOII oxidation to desjgn
and operational parameters and results are given in Figures 4 , 5,
and 6. Figure 4 reveal s that MeOH oxi. dati on is improved with
increase in temperature. For cx.ampl e, as temperature i s rai sed from
25 to 60 ‘C, the fuel e] ect.rode po] ari zatjon at 100 mA/cm2 i s
reduced by almost 200 mV. Figure 5 reveals that MeOH oxidatj on is
improved by increase in fuel concentrate on. For examp] e as MeOII
concentrate on is raised frc)m IM to 8M, the fuel e] ectrode
polari zati on is reduced by more than 200 mV. Final 1 y, Figure 6
shows that MeOH oxidation is improved by an increase in catalyst
loading. For examp] e, as loading is increased from O. 5 to 5 mg
Pt/Ru/ cm2, the po]arizati. on near 80 mA/cm2 is reduced by over 400
mV.

3.3 E] imj nati on of H2S04

Another finding was t-hat the addition of H2S04 to the McOII sol ution
was unnecessary when the electrodes are i ncorporated i nto the MEA.
l’his finding was deemed important in that the el imi nati on of H$04
WOUI d al 1 evi ate the threat. of int.erce] 1 shunt currents in f 011 ow on
multi-cc] 1 designs that were contemp] ated to require a bipol ar
el ectrode conf igurati on,

3*4 Performance of Aclvanced Ce] 1 With Membrane El ectrol yte

Pi gure 7 gjves the E/l” performance character stj cs of the advanced
cel 1 as a function of MeOII concentration of the fuel at 140 to 160
091, and wj th pure 02 as oxj dant and Pt/Ru and Pt as fuel and 02
electrode catalysts respectively at 1 oadi. ngs of O. 5 mg/cm2. ~’he
resul ts reveal a trend c) f i ncreased output (vol t.age) as
conccntrati on is increased beyond O. 5M and a reductj on i n output
(voltage) as conccntrati on is j ncreased hjgher than 2M.
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Apparently the output exhibjts a maximum with increasing fuel
concentration from 0.5 to 4M. ~’he maximum output fOr this serjes
with 2M was, for example, near 0.53V at 3.00 lMi/cm2. This output is
reasonably high and approaching the range of interest for practical
appljcat~onls

‘l’he increase i,n output, as concentration is increased higher than
.514, is attributed to the trend Of increased output of the fuel
Clectrode with MeOH concentration as noted above. The decrease in
output wit.hL concentration from 2M tc} 4M is contrary to this trend
and must therefore be due t.o other factors. Based on the known
pC!rmeabilit.y  Of McOH in the membrane, it was speculated that this
other factor may be due to fuel llcrossover~l to the 02 electrode
wherein the fuel reacts with and lowers the potential of this
electrode.
In order t,c, examine thjs phenomena jn greater detail, a series of
runs was carrjed out- i.n which the 02 electrode potential was
measured wj.th various fuel concentrations. Results are shown in
Fjgure 8. Therein it was found that the potentj.al of the 02
electrode was markedly reduced as fuel concentration was increased
from 2 to 4M McOH. For example, the 02 electrode potential was
noted to drop more than 100 mV at 100 mA/cm2 as MeOH concentration
was jncreased from 2 to 4 m MeOH. ‘1’hjs finding confirms that the
reductj,on in output with concentration at the higher concentration
levels is j.ndecd due to a marked decrease in the potential of the
02 electrode. The finding also tends to support the belief that
t.hjs reduction is due to MeO?] crossover jn that the crossover rate
incre.ascs with fuel concentration. Furthermore, this finding
em~)hasj~~s the need to minimize the crossover rate to jmprovc
Performance: of the 02 electrode , and hence the overall cell
pC?rfor~]anc(?t

This work is continuing wjth emphasis on examination of methods to
minimize the crossover phenomena ant] other factors to improve
OVeral]. ce]l]. performance.

Final]yf it is well to point out. that the cell output appears to be
quite stable. Except for the very hjghest outputs beyond about
200 InA/clT?, the indicated voltages on the E/I curves remain
essentially constant (within about 5mV) for we].]. over 1 hr of
Continuous operation. At. the lower currents less than 100 mA/cm2,
the outputs have been shown tcj hold constant (again within 5mV) for
over 8 hOul~s of continuous operation.

CONC1,US1ONS

)) A new liquid feed r~MFC has been developed based on a proton
electron transfer membrane electrc)lyte  , Pt./Ru cata3yzed fuel
electrode (and It catalyzed ajr/02 cl.ectrodes.

2) The new liquid feed DMFC can clelivor significant outputs in
excess of 100 mA/cm2 at potentials greater than 0.5 V at moderate
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t cmperaturcs of 60 ‘c.

3) I’t/Ru cat-al yzcd carbc~n (!1 cctrodcs are well sui ted for
oxidation of MeOH.

4) l’erformance of Pt/Ru cat al yzcd carbon c1 cctrodes increases
w i th increased temperatures (25 tc) 60 ‘C) , increased fuel
concentration (0.5 tc) 2 M McOH) , and i ncrcascd cat. al yst 1 oadi ng ( .5
tc) 5 mg/cm2 ) .

~) Performance of the new 1 i quid feed fuel ccl 1 should improve
wi t.h reduct. i on i n the amount. of fuel crossover.

ACKNOWLEDGEMENT

The work described here was carri ed out at the Jet Propu] sion
Laboratory, California Institute of Technology, under contract with
the National Aeronautics and Space Administration.



,.

‘*

I CAT,,(
1 ANOUC

$a-J
.REAC1’1ONPrM

>CIL
{ [----,  ,ffi:wgn”o”  “ox’n[

I

ANO[)E : Cwsotl + F{Fo -.--> C02 + 6}14+6c

L f~
CA-I }IODE:

$2; 02+ 4tl+ + 4e- -.-->  ?tl~o

/wt%&’!l”””””’  I CELL ‘

l~iguI”c  “1 Schcnlalic IIiagraln of l,iquid l:ccd l>ircct  h4cthanol
l;uel (k]] and (k]] ~}lclnis[ry

PICOUNIEFi
ELECTFiODfS

REFERENCE

1-1/1{
--x

. . . .

..-. - - --_ _

1-111- :11

--- -e_

{“[--vv’k-

--%’%%

I J/ CIRCULATING
WATEfi  JACKE‘ill k _:l:

-. _-- I-_ - u

}

1-
----  -,-_

-.

I
___ ___ --.-

ELECTROLYTE- - -

-_ ,s-::=->–  -  ~_

–%’%-  “ :---:----  . ..- —-- :.- z--.-:.

\
--m%-  - - - - - -  ~~ - - - - - - - - - - - - - - - - - - - -

‘ MAGNET  ICSTIRFif-Fi

1

+ FUEI.

1 ‘i gurc 2, Schenlatic IIiag]anl of an Ilxpclinlcnta]  l,icluid l;ccd
IIalf ~cll



Carbon

)4 Dioxide
● (VEN-I )
m

r:

——

Methanol/Water
Carbon Dioxide

(VENI-)

*“—-

Pump

Cell

Methanol/Water
(IN)

Oxygen/Water
(VE.NI-)

Oxygen
(IN)

l;igure 3 Schcma[ic  l)iagram of Comp]ctc 1  .aboratory  ‘J’ypc
1 ,iquid l;ccd Me-()] 1 System



~ 0.8 -------- --G-

~2

—..
.J Pi- Rw’C,  O, Sn)@.nbz 45C
c1 0.7 1 M ME TIIANOL + 0.S M 111 SC),
>

; 0.6I 25C
: 0.5 60C>
< 0.4
i=

&#!l%=”
& 0.3

~ 0.2:- ~~~ --------- .--l% ----” -– --–-~–- .--J
100

CUF?RE NT DENSITY (n~A/cn~  2,

~- 0.8 ------------- – ------------ —---—
t-

~>]

FWRu/C,  0.5rrlg/cn12
$ 0.7 0.S M }{2 SC),
> 60’C

z“ 0 . 6
?
2 0.5 lM CH3 0}{
?

; ;:; <me+i= /8M CH3 OH
hc1 0.2 . . 1.. . . . . . . . .1... ..__
n. 1 10 100

CUR REN”r DENSITY (n~A/cm2)

Ilffcc( of Conccnlration  on IMc[hanol oxidation

5- 0.8 r  - - - - - - – -  - - - - - ~  - - - - - - - - -  - - - - - - -

5 FI-FILUC, 0,5rr!@cn!2
~ 0.7 - 1 M ME1}IANOL  + 0.S M H, S04

> 60”C

; 0 . 6 -

s
: 0.5 -

/

0.5 mg/cn]2

; 0.4 “
r
fi 0.3 - ./

5.0 n)glcn32

~ 0.2 L. -–. . . . . ..-..1-.. -.—. . . ..____  .._J_—
1 10 100

CURRENT DENSITY (n~A/cn~2)

I;,tTcc[ of Ctitalyst 1,oading on Methanol oxidation



LrJ

0.0-1
0

l’l~m 7

1,1-

1.0
I

I

,-–. – .,

100 ‘

Current [)cnsity

‘ T ,

200 300

(mA/cnIA2)

-/5

-s,

Lt-

llffect of h4cthanol  C o n c e n t r a t i o n  01) l’crformancc  of
Advanced 1.aboIatoIy  Cell with McmbI anc
l;lcctrolytc

cl. 0.’7

0.6 /
o

l;igu]c  8

? O M Molllar,ol  150 f

40 hi Molhanol  1 Goaf

0.5 M Mottmnol  140 F

1 ‘ r

● 20 M Mott,anol

.~ 4.o M Mott!anol

100 200 300

Current Density (mA/c111A2)
Ilffect  o f  Jklcthano] Collccnlratio[]  011 l’crformancc  o f
oxygen lllectrodc of Advanced laboratory Cell with
Membrane l{lectrolyte


